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Identifying the source of superficial reflux in
venous leg ulcers using duplex ultrasound
Alfred Obermayer, MD, and Katharina Garzon, MSc, Melk, Austria
Objective:Mapping of venous reflux routes associated with medially or laterally located venous leg ulcers and their source
of origin.
Methods: This prospective report presents the results of duplex investigations performed in consecutive leg ulcer patients,
all with venous reflux, in a time period over 2 years. A total of 169 patients (183 legs), with chronic venous leg ulcers
(CEAP: C6) were examined in a private practice. The data collection integrated an examination that included medical
history and clinical diagnoses and incorporated measurements such as body mass index, oscillometric index, and range of
motion of the ankle joint. Venous function was assessed with duplex ultrasound, and the cases were described using the
advanced CEAP classification. Additionally, a “sourcing” technique was performed with duplex ultrasound investigation
of the ulcer bed and the venous system under manual compression and release of the ulcer. The principle of “sourcing”
is to follow venous reflux from the ulcer area to its proximal origin. The detected reflux routes were classified either as
“axial” or “crossover” type.
Results: A total of 20% of the ulcer patients showed no clinically visible varicose veins. One hundred three patients had
medial ulcers, 54 lateral ulcers, 21 medial and lateral, and five had gaiter ulcers. Sixty-four (35%) of the medially located
ulcers had reflux in the great saphenous vein (GSV), 28 (15%) showed reflux in the medial perforating veins (axial types),
and 11 (6%) had reflux in the small saphenous vein (SSV; crossover type). From 54 patients presenting with lateral ulcers,
25 (14%) showed GSV incompetence (crossover type) and only 13 (7%) SSV incompetence (axial type). Sixteen patients
showed refluxes penetrating from deep into lateral perforating veins.
Conclusion: Crossover reflux routes were detected in 25 of 54 (46%) legs with lateral and in 11 of 103 (11%) legs with
medial ulceration (2 44.34; P < .001). In venous ulcer patients, an extended examination (CEAP classification) and a
special duplex technique (“sourcing”) are recommended to identify the specific route responsible for the venous reflux.
This seems essential for planning a rational treatment of venous reflux ulcers. ( J Vasc Surg 2010;52:1255-61.)Venous leg ulcers are the most severe manifestation of
chronic venous disease and the result of local venous hyper-
tension. In the majority of cases, the breakdown of the
microcirculation and tissue in the lower legs is triggered by
venous reflux due to valvular incompetence. Typical skin
changes of chronic venous insufficiency such as edema,
hyperpigmentation, eczema, or atrophie blanche are pre-
cursors.1,2 The skin region surrounding the medial malle-
olus usually drains into the great saphenous vein (GSV),
while the area around the outer ankle drains into the small
saphenous vein (SSV).3 This may explain the clinical expe-
rience that medial ulcers are mainly associated with an
incompetent GSV and lateral ulcers with an incompetent
SSV.4
Therapeutic intervention should be adjusted to the
complex variations of venous anatomy, their functional
pathology, and the exact origin of venous reflux localized
by duplex ultrasound investigation.5 The results of clinical
and duplex investigation can be well-described and docu-
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plex studies have demonstrated superficial reflux in more
than 80% of leg ulcer patients, half of them associated with
deep reflux.7 Abolition of superficial refluxes has been
shown to achieve beneficial effects on ulcer healing even in
the presence of concomitant deep venous refluxes and can
be offered on a general basis.8,9
In this study, we sought to identify the exact reflux
routes associated with medially or laterally located venous
leg ulcers. To achieve this aim, we prospectively investi-
gated 183 legs with active leg ulcers presenting with venous
reflux, using extended duplex ultrasound examination fo-
cusing on the ultimately dominant venous reflux routes in
addition to classical venous mapping. The importance of
mapping of the venous reflux by “sourcing” is based on the
premise that the triggering venous pressure is transmitted
along the reflux route (blood column) into the microcircu-
lation.10 The purpose of this study was to show the source
of the local superficial hypertension, straining the skin, and
the frequency of atypical reflux routes, linking this knowl-
edge to differential diagnosis and therapy planning.
PATIENTS AND METHODS
Patients. Between January 2007 and January 2009,
169 patients (183 legs) with a chronic venous leg ulcer
(CEAP: C6) were examined prospectively at a private prac-
tice. The patient group characteristics were as follows: 60
men and 123 women, with a mean age of 70 years at the
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(median, 72 years).
Methods. Information about the history of varicose
veins, thrombosis, and the ulceration, as well as about
former therapies, was obtained in interviews. All legs were
photo- and video-documented. Ulceration size was quan-
tified manually by planimetry. The location of the ulcer was
described as being medial or lateral, divided by the edge of
the tibia and the Achilles tendon. Only fully circumferential
ulcers were designated as “gaiter ulcers”; if there were
epithelial sections in between, they were classified as being
both medial and lateral.
The advanced CEAP classification was used to describe
the clinical, etiological, anatomical, and pathophysiological
picture of the venous disease of the effected leg and was
performed by the investigating doctor.6
In addition to the ankle-brachial pressure index, we
measured the oscillometric index by simultaneous four-
channel pulse oscillography (AngE Angio Experience;
Sonotechnik GmbH, Maria Rain, Austria). Oscillometric
indices of 0.88 and lower and peak times of 180ms or more
were taken as a sign of peripheral arterial disease.11
The range of movement of the ankle joint was de-
scribed by the neutral position method.12 Starting from
dorsiflexion over the neutral position to plantar flexion, free
mobility of the ankle joint was indicated by 15°-0°-40°,
restricted mobility by 10°-0°-40°, excessively restricted
mobility by 0°-10°-40°, and stiffness by a contraction in the
plantar-flexed position.
Obesity was characterized by the body mass index
(BMI).13 A BMI less than 19 kg/m2 was defined as under-
weight, 19 to 24.9 kg/m2 was considered normal, 25 to
29.9 kg/m2 was considered overweight, and 30 kg/m2 or
above was classified as obese.
Duplex scanning. Reflux in the superficial, deep, and
perforating veins was evaluated with duplex ultrasound
scanning (TITAN; SonoSite, Bothell, Wash) with the pa-
tient in the standing position14 to define the anatomy and
pathophysiology of the venous system according to the
CEAP classification.6 The linear array probe 10-5 MHz
(Sonosite, L38) was used as a standard. To evaluate the
deep veins, especially in obese patients, we used the 5-2
MHz transducer, curved array (Sonosite, C60). The Dopp-
ler range was set to 9 cm/second with the wall filter at its
lowest setting. The Doppler gain was increased to ensure
maximum sensitivity. A Valsalva maneuver was used to
evaluate the iliofemoral and saphenofemoral reflux. To
evaluate the popliteal vein, saphenopopliteal junction, and
the perforators, manual compression and release of the calf
or foot were used. A reflux time exceeding 0.5 seconds was
considered pathologic. For the common femoral, femoral,
and popliteal veins, a cut-off of 1.0 seconds was used.14
The bidirectional flow in a perforator was taken as an
indicator of its incompetence. Due to basic physics (Pascal’s
law), the pressure depends on the pressure gradient but not
on the diameter of the vessel.
Deep veins with reflux and residual thrombi or intralu-
minal septs were categorized as secondary. In order todetect proximal obstructions, we assessed the physiologic
changes of flow velocity, which is produced by spontaneous
breathing. This was accomplished by using the Doppler
mode in the common femoral vein, GSV, tributaries con-
necting to pelvic veins, or to the contralateral saphe-
nofemoral (“spontaneous Palma-like shunt”).
Sourcing technique. In addition to usual routine du-
plex examination, the “sourcing” technique was used to
detect the superficial reflux routes connected with the
ulceration. The sourcing technique is a simple method, per-
formedwith duplex ultrasound, to follow the routes of venous
insufficiency from the area of ulceration or skin changes pre-
cisely up to their “source” and to determine the venous reflux
routes penetrating into the ulcer area. The examination is
performed from distal to proximal with the patient in a stand-
ing position, in contrast to the standard duplex investigation.
It is also possible to perform the examination in sitting
position, which is a benefit to patients with difficulty stand-
ing.
The responsible reflux routes can be detected directly
by soft manual compression and release of the ulcerated
area.
1. Investigation of the ulcerated area. The scan head is
covered with a sterile surgical glove, which is filled with
ultrasonic gel, or the ulcer is covered with a sterile
transparent surgical dressing.4 In the B mode, edema,
varicose veins, and subcutaneous and fascial calcification
are frequently also typical findings. In the duplex mode,
insufficient superficial veins and insufficient perforators
directly straining the ulcerated area can be detected. To
elicit reflux, compression and decompression of the
ulcer with the scan head or of the lower leg at locations
proximal and distal to the ulcer are performed.
2. Investigation of the area around the ulcer. First, the
area around the ulcer is examined in B-mode for venous
vessels. With manual compression of the ulcer area, the
veins in the ulcer bed are emptied, and an orthograde
flow signal in the draining veins is detected. After release
of the manual pressure, the emptied area will refill
immediately by reflux in the incompetent veins. This
bidirectional flow, observed in the duplex mode as a
“swinging blood column,” can be elicited in all veins
related to the ulcer (Fig).
3. Investigation of the reflux routes. During perfor-
mance of intermittent soft manual compression of the
venous ulcer, duplex demonstrates venous flow chang-
ing the direction between up and down, in the same
rhythmas themanual up-and-down compression (“swing-
ing blood column”). This maneuver is endlessly reproduc-
ible. While the examiner continues to perform the inter-
mittent manual compression of the ulcer, it is possible to
follow the “swinging blood column” with the transmitter
(in the duplex mode), beginning directly in the ulcer (or
area of skin changes), along the responsible insufficient
vein, up to its source (eg, the groin or the knee). Also,
insufficient perforators, in connection with incompetent
deep veins, can be detected using this method. In com-
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tremities with competent superficial veins or in other
nonrelated insufficient veins while manual compression
is performed on the ulceration.
Difficulties, tips, and tricks for sourcing. The du-
plex investigation is performed in the upright position,
preferentially during standing with the investigated leg
relaxed. By compressing the ulcer, the patient should not
be moved to avoid an activation of the muscle pump
because otherwise, after pressure release, a “swinging blood
column” can always be detected in incompetent veins. To
avoid that, we advise that the compression and decompres-
sion of the ulcer should be performed by the long fingers of
the investigator with the thumb contralateral located over
the tibia or fibula.
The ulcerated area above the saphenous and the super-
ficial peroneal nerve may be very painful. In such a case, we
perform “sourcing” by compressing less painful areas of the
ulcer or the surrounding skin. The use of a soft wound
dressing (ie, polyurethane foam dressing) may help to
distribute the pressure of manual compression.
Sourcing can also be done in the sitting position. In
case of duplex-guided foam sclerotherapy, we always check
the “sourcing positive vein” in the semisupine position
using a phlebological table with electromotive tilt adjust-
ability (Phleboliege; Hobi, Teesdorf, Austria).
Types of reflux routes. Depending on their course,
Fig. Sourcing duplex investigation of a laterally located ulcer.
During intermittant manual compression of the ulcer area, the
responsible reflux route can be followed along the swinging blood
column along the great saphenous vein (GSV); crossover type.the detected responsible reflux routes are classified as either“axial” or “crossover” type. The axial type (classic type)
refers to ulcers in the territories of the veins: medially
located ulcers in connection with an incompetent GSV or
medially located incompetent perforators, and laterally lo-
cated ulcers associated with the SSV or laterally located
perforators. The crossover type describes extraterritorial
ulcers: it is defined by an incompetent GSV or medially
located incompetent perforator feeding a lateral ulcer or by
an incompetent SSV feeding a medial ulcer. In the case of
more than one reflux route connected with the ulcer, the
longer reflux distance was chosen as the main route, be-
cause the length of the insufficient vein has essential influ-
ence on venous hypertension. In the case of medial and
lateral (bilateral) or gaiter ulcers, these were classified de-
pendent on the first location reported in the history, assum-
ing that the first appearance of the venous ulcer was trig-
gered by venous hypertension. Ulcers usually start as a small
skin lesion tending to grow. Often, the ulcer may grow or
new ulcers develop as a result of wrong treatment (eg,
inappropriate wound dressings, bacterial colonialization,
wrong bandaging).
Statistical analyses. Statistical analysis was performed
using SPSS (SPSS Inc, Chicago, Ill) software. The data
were analyzed with classical descriptive statistical tech-
niques: mean, standard deviation, median, and number and
frequency for qualitative parameters. The 2 test was used
to compare categorical responses of groups. P  .05 was
considered statistically significant.
RESULTS
Clinical characteristics. The duration of the leg ulcer
ranged from 1 week to 65 years (median, 5 years). During
that time, some ulcers temporarily healed as a result of
different therapies but then recurred. At the time of inves-
tigation, the patients had been permanently resistant to
treatment for a period ranging from 1 week to 63 years
(median, 6 months).
A total of 90% of patients (164 legs) reported having
varicose veins, which had existed for 29 years on average
(range, 4 months to 70 years; median, 30 years); 29% (53
legs) had experienced at least one episode of cellulitis; 39%
(72 legs) had a history of deep vein thrombosis; and 53%
(96 legs) had experienced phlebitis at least once.
The area of ulceration ranged from 1 to 400 cm2
(median, 8 cm2). A total of 21 (11%) patients had bilateral
ulcerations (medial and lateral), and five (3%) had a circum-
ferential ulcer. In 7% (13 legs), the tendons, bones, and
joints were involved; in 27% (50 legs), the fascia was in-
volved; and in 66% (120 legs), the ulcerations were re-
stricted to the dermis and subcutis. Wound secretion was
severe in 48% (87 legs) and moderate in 50% (92 legs), and
2% (4 legs) had no secretion at all. Regarding surgical
history, 36% (66 legs) had undergone vein surgery at least
once, and 36% (65 legs) had undergone at least one round
of sclerotherapy.
Concomitant risk factors. The BMI calculations in-
dicated that 38% of cases (representing 69 legs) were obese,
38% (70 legs) were overweight, 23% (42 legs) were normal
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17% of cases (representing 31 legs) had diabetes, and 27%
(50 legs) of the patients had coronary heart disease.
For the other factors, foot pulses of the dorsalis pedis
and tibialis posterior were palpable in 68% (125 legs). In
26% of the cases (48 legs), the oscillometric index was 0.88
or lower. Patient mobility was free in 71% (130 legs) and
restricted to the use of a walking stick or walking frame in
27% (49 legs) and to a wheel chair in 2% (4 legs). In terms
of ankle mobility, 10% (18 legs) showed free mobility of the
ankle joints, 63% (115 legs) exhibited restricted mobility,
and 23% (43 legs) showed excessively restricted mobility; in
4% (7 legs), the ankle joint was stiff.
CEAP classification. A total of 44% (81 legs) showed
all clinical signs of a chronic venous insufficiency (C1-6,S),
and another 21% (38 legs) all but C5 (ulcer scars)
(C1,2,3,4a,b,6,S). The etiology was primary in 60% (110 legs)
and secondary in 38% (70 legs). A total of 98% of patients
(179 legs) had superficial venous reflux. Eighty-one legs
(44%) showed deep and/or perforator incompetence in
addition, 43% (78 legs) had superficial and perforating
refluxes, and 11% (20 legs) were localized exclusively in the
superficial venous system, as detailed in Table I. In four
cases, an insufficient perforator was directly straining the
Table I. CEAP classification (N  183)
Clinical classification
C1-6,S 81 (44%)
C1,2,3,4a,b,6,S 38 (21%)
C2,3,4a,b,6,S 11 (6%)
C6,S 8 (4.5%)
C2-6,S 8 (4.5%)
C1,2,3,4a,5,6,S 7 (4%)
C3,4a,b,6,S 6 (3%)
C1,3,4a,b,6,S 5 (3%)
C3-6,S 4 (2%)
C3,4a,6,S 3 (2%)
C3,4b,6,S 2 (1%)
C3,4b,5,6,S 2 (1%)
C1,2,3,4a,5,6,S 1 (0.5%)
C3,4b,5,6,S 1 (0.5%)
C1,3,6,S 1 (0.5%)
C1,2,3,6,S 1 (0.5%)
C1,3,4a,b,6,S 1 (0.5%)
C1,3,6,S 1 (0.5%)
C4a,6,S 1 (0.5%)
C3,6,S 1 (0.5%)
Etiologic classification
Ec 3 (2%)
Ep 110 (60%)
Es 70 (38%)
Anatomic classification
As 20 (11%)
Ap 3 (1.5%)
As,p 78 (43%)
Ap,d 1 (0.5%)
As,p,d 81 (44%)
Pathophysiologic classification
Pr 172 (94%)
Po 4 (2%)
Pr,o 7 (4%)ulcerated area, without superficial side branches. Theseperforators ramified close to the fascia into the venous
network below the ulcer. Three were located laterally on
the calf, showing hard systolic reflux during active dorsifex-
ion of the foot. The duration of reflux depended on the
speed of moving the foot. One was an ulcer of the gaiter
area powered by a deep insufficiency.
We found no signs of a proximal obstruction. All the
limbs with previous proximal deep vein thrombosis were
either functionally fully collateralized or recanalized. All of
our patients classified as CEAP “Po” had peripheral ob-
structions in the popliteal vein or the posterior tibial vein
presenting hard blow out perforators as the source of an
ulcer.
Sourcing outcome. The results are summarized in
Table II. One hundred forty-five legs (79%) showed axial
reflux routes; 38 legs (21%) had a crossover type. In 11 legs,
a medial ulceration was associated with an insufficient SSV,
and in 25 legs, a laterally located ulceration was connected
to an insufficient GSV (2 44.34, P  .001; Table II). A
crossover reflux route was detected in 46% (25 legs) of all
laterally located ulcers (54 legs), but only in 11% (11 legs)
of all medially located ulcers (103 legs). Table III shows the
detailed classification of all crossover types and the four
cases (2%) with additional reflux in the GSV and SSV,
respectively, where no connection with the ulcer could be
found by the sourcing technique. In these four cases
(marked in Table III with an asterisk), there was not just a
“crossover” reflux, but also an additional reflux in the GSV
or SSV, which was not connected to the ulcer. One patient
had amedial ulcer and reflux in both the GSV and SSV. The
sourcing maneuver reveals that refluxes can be followed
from the ulcer into the SSV but not into the GSV.
A sourcing positive reflux route beginning at an insuf-
ficient perforator without any superficial swinging blood
column above is seen only in secondary cases. About one-
half of the medial and bilateral ulcers also showed a deep
insufficiency in contrast to the lateral ulcers, which presented
deep incompetence in only about one-third (Table IV).
DISCUSSION
We show in this work that the reflux routes can be
precisely detected by starting the duplex examination in the
area of ulceration (ulcer bed) and following the blood
column up to its source. In our study, every fifth leg ulcer
(21%) was atypically located, concerning the source of
reflux. Forty-six percent of all lateral and 11% of all medial
ulcers were connected with a crossover reflux. Adam et al15
and Bello et al16 detected comparable incidence rates for
atypically located ulcers of the GSV and SSV. Their results
also showed that 36% to 54% of laterally located ulcers had
been associated with isolated GSV reflux and that 19% to
25% of medially located ulcers resulted from isolated SSV
reflux. In our study, insufficient perforators were identified
corresponding to the localization of the ulcer, with the
exception of one Dodd’s perforator exhibiting “crossover”
to a lateral ulceration.
Duplex ultrasound is the “gold standard” for examin-
ing the venous system of the lower extremities. Duplex
t is no
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pathophysiology of superficial, deep, and perforating veins
by localizing and specifying the source of venous problems,
building the basis for planningminimally invasive therapeu-
tic interventions. The literature describes several methods
with which venous reflux can be elicited by imaging the
vein under duplex ultrasound investigation. The Valsalva
maneuver or calf squeeze and others are appropriate prov-
Table II. Main reflux routes: ulcer localization and reflux
N  183
Axial type 145 (79
GSV SSV
Medial 103 (56%) 64 (35%) —
Lateral 54 (30%) — 13 (7%)
Medial  lateral 21 (11%) 8 (4%) 5 (3%)
Gaiter 5 (3%) 4 (2%) 0
GSV, Great saphenous vein; SSV, small saphenous vein.
Table III. Pathophysiologic classification (CEAP) of all “
Crossover type
N  38Localization Source
Medial (11) SSV 1
SSV 4
SSV 1
SSV 1
SSV 1
SSV 1
SSV 1
SSV 1
Lateral (25) GSV 2
GSV 7
GSV 1
GSV 5
GSV 1
GSV 3
GSV 1
GSV 1
GSV 2
GSV 2
Medial  lateral (2) SSV 1
Perforator 1
GSV, Great saphenous vein; SSV, small saphenous vein.
*In these cases, a reflux in the GSV or SSV additionally can be identified bu
Table IV. Anatomic classification (CEAP) and ulcer
localization
Reflux
(CEAP)
N  183
Ulcer localization
Medial
(n  103)
Lateral
(n  54)
Medial  lateral
(n  21)
Gaiter
(n  5)
As 9 10 1 0
Ap 0 3 0 0
AsAp 44 23 9 2
ApAd 0 0 0 1
AsApAd 50 18 11 2ocations for venous mapping.14,17 With those methods,venous reflux is detectable in all insufficient veins of the
extremity.
Although the role of reflux directed to the ulcerated
area as a localizing trigger needs to be further investigated,
it may be assumed that the detection and treatment of the
venous reflux route is essential for ulcer healing and for
preventing recurrence.9
Scanning of the ulcer bed is recommended to apply a
better strategy for the treatment of ulcers. This scan, in
combination with a detailed examination of the venous
system, makes it possible to identify the specific correlation
between the local and the axial vein reflux.4,18 In a cohort
of 95 extremities with current venous ulceration, Hanrahan
et al19 found no duplex evidence of any venous abnormality
in the ulcer bed or in the area within 2 cm around it in 41
of 91 cases (45%). The discrepancy with our findings can
likely be explained by the use of the classical provocation
maneuvers that could not detect local refluxes. Labropou-
los et al4 examined the incompetent veins of the ulcer bed
(“local,” ie, passing through the ulcerated area) and their
s (N  183)
Crossover type 38 (21%)
erforator GSV SSV Perforator
8 (15%) — 11 (6%) 0
6 (9%) 25 (14%) — 0
6 (3.5%) — 1 (0.5%) 1 (0.5%)
1 (0.5%) 0 0 0
over” types
CEAP
Anatomic classification Pathophysiologic classification
As Pr4,5
ASP Pr4,5,18
ASP Pr,o4,5,18
ASP Pr2,3,4,5,18*
As,p,d Pr4,5,6,7,9,11,13,14,15,16,18
As,p,d Pr4,5,9,11,13,14,15,18
As,p,d Pr4,5,11,13,18
As,p,d Pr4,5,14,15,18
As Pr2,5
As Pr2,3,5
As,p Pr1,2,3,4,5,18*
As,p Pr2,3,5,18
As,p Pr,o2,3,5,18
As,p Pr2,5,18
As,p Pr2,4,5,18*
As,p,d Pr1,2,3,4,5,9,11,13,14,15,18
As,p,d Pr2,3,5,9,11,13,14,15,18
As,p,d Pr2,5,11,18
As Pr4,5
As,p Pr1,4,18*
t found to be responsible for the ulceration after sourcing.type
%)
P
2
1crosscorrelation to the veins away from the ulcer bed, which they
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degree of reflux in the local area of the ulcer. In six ulcers
(17%), “axial” but not “local” reflux could be measured. In
no case was reflux found in the perforating veins alone.
Recent studies have shown that superficial reflux is
more frequent in ulcerations than previously believed.20
Based on these findings, the exact diagnosis and abolish-
ment of superficial reflux routes has become a promising
strategy in ulcer treatment.9,21-23
Nearly all ulcers (98%) showed reflux in the superficial
veins. This is in good agreement with the results of several
other studies presenting large series of venous leg ulcers.24
Eleven percent (20 legs) of ulcers were connected with
isolated superficial reflux and another 43% (78 legs) by
superficial and perforator reflux. Forty-four percent (81
legs) had concomitant refluxes also in the deep veins.
Sometimes, the diameter of refluxing superficial veins may
be quite small. However, long refluxes may nourish massive
ulcers. This observation is also in agreement with the
publication of Labropoulos et al,25 who reported that in
the case of superficial venous incompetence, ulceration is
found only when the whole GSV is involved or when reflux
is extensive in both GSV and SSV.
In a total of 89% (163 legs), an insufficient perforator
could be found (CEAP), but only in 32% of these (52 legs)
was this perforator part of the responsible reflux route as
detected by the sourcing. In four legs (2%) of ulcers in the
current work, an insufficient perforator was directly strain-
ing the ulcerated area. These perforators ramified close to
the fascia into the venous network below the ulcer. With
our sourcing method, the reflux can be elicited only in the
causative veins and not in other – even insufficient – veins.
Despite the fact that clinical severity increases with
triple system incompetence,18,26,27 surgical therapy of su-
perficial venous insufficiency, regardless of the presence of
deep venous incompetence, leads to good long-term results
in healing and recurrence.9
Our proportion of 44% of combined superficial, deep,
and perforating incompetence in patients with venous leg
ulcers (C6) is comparable to other studies, which have
identified percentages ranging from 32% to 78%.9,19,26
Varicose veins are not always visible because edema and
obesity can conceal them. There may also be several other
veins on the same extremity that show reflux but that are
not relevant for the ulcer. This kind of “hidden” reflux
means that the responsible insufficient veins may not always
be clinically visible, and visible insufficient veins may not
always be the cause. In our study, 20% (36 legs) had no
visible varicose veins (CEAP: no C2). An exception is the
extremely obese patient who shows venous leg ulcers (with
the typical clinical signs of a venous disease) but no reflux at
all in the duplex investigation.28
Knowledge about the specific, responsible venous re-
flux route is also important for patients suffering from
so-called “mixed ulcers.” As we described in 2008, two
clinical forms may be differentiated in principle: (1) ulcers
with a clinical picture of arterial lesions in which venous
reflux may be detected as a chance finding, or (2) ulcerswith venous reflux and typical venous skin changes in which
peripheral arterial disease may be detected.29 Especially in
“mixed ulcers,” it is of great importance to follow the
predominant clinical signs (pigmentation, eczema, white
atrophy, and lipodermatosclerosis around the ulcer) and to
detect the responsible reflux route by sourcing. A positive
sourcing sign is evidence for the venous origin of an ulcer.
The sourcing method has an essential influence on
therapy planning. Our main goal is the reduction of venous
hypertension in the entire leg, but if not possible (eg,
because of a postthrombotic syndrome), then it is our goal
to abolish the local venous hypertension detected by sourc-
ing. All patients in this study underwent active therapy after
their investigation. This comprises surgery of the insuffi-
cient superficial veins, ulcer surgery, duplex-guided foam
sclerotherapy, or other endoluminal procedures that are
individually adjusted to the situation. Especially in the case
of resistance to therapy after reflux treatment, it is very
helpful to check the ulcer for sourcing-positive residual
reflux routes again. Our long-term results in 173 leg ulcer
patients after surgery have been published. All these pa-
tients had been investigated by sourcing as well, as de-
scribed in this publication.9
It is also helpful to use the sourcing technique for
preventing venous ulceration in at-risk limbs. With this
method, the responsible reflux routes can be detected and
treated at the first signs of skin changes. This capacity is very
helpful, especially in patients without clinically visible vari-
cose veins.
CONCLUSION
Every fifth venous ulcer is caused by a “crossover”
reflux, and another 20% show no clinically visible varicose
veins (CEAP: C2). For successful therapeutic planning and
good long-term results, it is necessary both to perform an
extended examination (CEAP classification) and to use
sourcing to identify the specific responsible venous reflux
routes. Thus, duplex ultrasound investigation of the ulcer
bed and the venous system under manual compression and
release of the ulcer is indispensable. A positive sourcing test
gives evidence for the venous origin of an ulcer.
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